The continuous production and harvest of uncontaminated cells for periods of several months are a major requirement inthe design of a suitable culture system. Many continuous-culture units have been reported previously (1, 2) , and some units are now commercially available. However, in these units, rubber, metals, and other sources of potentially toxic extractives are not prevented from direct contact with the culture. Factors that are toxic to some cells are known to leach from rubber stoppers, tubing, and some flexible polyethylenes (3) . Even if these materials are nontoxic to the cells under culture, they are unknown factors in investigations of the cellular products of antibiotic or other biological activity. Most of the systems previously described use cotton filters for the exhaust gas. Since this gas is wet, the filters eventually become moist and permit microorganisms to penetrate the growth system. The coupling of components is another disadvantage of most systems. When glass tubing with ground glass joints is used throughout, the system is rigid and inconvenient in many respects. Plastic tubing, when stretched over glass tubing, frequently becomes distorted during autoclaving and thereafter forms an unreliable seal. Moreover, removal and replacement of tubing units is difficult. These problems were resolved in the construction of the system described below, which was used to maintain cultures of Chlamydomonas and Chlorella (unicellular algae) without contamination for periods of up to 4 months. 
EXPERIMENTAL
The growth vessel ( Fig. 1) is a 1-liter Erlenmeyer flask (Bellco Glass, Inc., Vineland, N.J.) with an inner, 1 50/50 joint. The flask was modified by the addition of a nephelometer tube and a temperature well. Loose glass beads were placed in the flask to scour the bottom, as the flask rocked (170 arc at 20 cycles/min), and dislodge any cells that adhered. The sides of the flask were cleaned by swirling the flask vigorously.
The flask was fitted with a glass cap built onto an outer, 1 50/50 joint. The cap includes five glass tubes of various lengths, each of which was sandblasted over the final 0.5 inch (1.3 cm) of length and has an outer diameter of 0.25 inch (0.6 cm): the optional manometer connection or inoculation port, the medium supply tube (short), the gas bubbler (long), the sample tube (ca. 0.25 inch longer than the gas bubbler), and the combined gas exhaust and culture overflow. The lastmentioned tube controls the level of the culture and thus its volume (ca. 500 ml in our flask). The gas (CO2-enriched air) sweeps out of the excess culture as the fresh medium raises the liquid level above the exhaust tube. The sample tube was fitted with a serum stopper protected by a metal cap. The manometer connection was stoppered when not in use.
Cell growth was measured either by removing a sample or by directly measuring the light absorbance. Samples were withdrawn from the sample port by a sterile hypodermic syringe after the sample tube was first flushed by an injection of sterile air. The syringe was sterilized while partly open to incorporate the necessary volume of air. The culture need not come in contact with the rubber serum stopper. Optical density was measured by inserting the nephelometer tube into a Spectronic-20 colorimeter (Bausch and Lomb, Inc., Rochester, N.Y.) which was set at 38°angle (so that the flask need not be tipped so much that the culture flows into the cap).
Special compression fittings (Fig. 1 ) connect plastic tubing to glass tubing for reliability and convenience. A hollow nylon insert (Swagelock ZY405-2, Crawford Fitting Co., Cleveland, Ohio) was placed in the 0.25-inch (outer diameter) Tygon tubing (R3603, U.S. Stoneware Co., Akron, Ohio) to prevent its collapse. The combination was inserted into the Teflon fitting (Beckman Tube Fitting-Teflon #406, Beckman Instruments, Fullerton, Calif.), the other end of which was placed over the glass tube. The knurled aluminum pressure nuts were advanced to hold the unit together and the fittings were wrapped in aluminum foil before autoclaving the assembly. The last measure was designed to prevent contamination during cooling. As soon as the assembly had cooled, the nuts were tightened to wedge the Teflon body against the Tygon or glass tubing to form a pressure seal. The seal is Teflon to Tygon or Teflon to glass, and the medium never comes in contact with the aluminum nut.
in contact only
Various components of the system, e.g., fresh pump tubing or new medium reservoirs, may be attached aseptically by loosening the nut and flaming the tubing. The method, although apparently complex, is more reliable than clamps and considerably less expensive than other fittings. The flexibility of the plastic tubing permits the use of the nephelometer tube and swirling of the flask.
Plastic was joined to plastic tubing by wetting the surfaces with cyclohexanone (a solvent for Tygon) and by inserting an inner tube of the same outer diameter as the inner diameter of the outer tube. Thus, the very fine pump line tubing was fused with the 0.25-inch (outer diameter) Tygon tubing connected to the fittings.
The yield reservoir receives the combined gas and liquid exhaust. The liquid is collected at the bottom, whereas the gas is exhausted through a short tube in the stopper. Originally, the cap was a Venopak 78 cap (Abbott Laboratories, North Chicago, Ill.) whose one-way valve and air filter had been replaced with glass tubes. More recently, a glass-and-bakelite, screw-capped gas-liquid separator was used. The screw cap permits convenient daily removal and replacement of the reservoir, which was necessary in our studies. Blood plasma bottles are extremely convenient as reservoirs since they are calibrated and may be fitted to disposable intravenous injection sets for aseptic dispensing, e.g., to a continuous-flow assembly for a centrifuge. The yield reservoir may be kept in the growth cabinet or in an adjacent refrigerator.
The gas exhaust is a cotton collar placed between a sterile dispensing bell (Beilco Glass, Inc., Vineland, N.J.) and a small flask on which it rests (Fig. 2) . Thus, any condensed liquid collects in the flask and the cotton collar remains dry. The flask also acts as a safety device when the yield reservoir overflows. Antiseptic solution or acid traps were less satisfactory for prevention of contamination. Optional outlet receivers can include solutions for absorption of NH3 or CO2.
Gas exchange can be measured by monitoring inflowing and outflowing gas. In a closed system, the gas can be exhausted through the optional side arm (manometer connection or inoculation port) of the growth vessel (or through the medium supply tube since it would not be used in a closed system) past the instrumentation system and returned to the flask by the bubbler.
In other respects, the system is not unlike many other continuous-culture systems. The medium reservoirs are 18-liter carboys. The medium is delivered by digital or roller pumps pressing on Tygon tubing. The culture flasks are agitated by the flowing gas and by the rocking platform (Lucite) on which they rest. Light is supplied from beneath the flasks to simplify the estimation of the amount of light input (the geometry of the flask bottom is simpler than that of the top).
During the 4 years that this system and earlier prototypes were used, contamination by bacteria or by fungi was the only reason for replacing a culture. Although the algae would have continued to grow at the usual rate, the yields would have been of limited value for our studies. Contamination usually occurred when the system was set up or when equipment failed, e.g., the gas supply system failed and the cotton gas inlet filter became wet. In some instances, contamination may have occurred when the yield reservoirs were changed. Another operational problem was that the culture overflow was not a strictly random sample of the flask content. This problem was not critical for our studies, but may be for other uses 
